Our results and meta-analysis of literature we conclude that the regulation of yefM/yoeB TAs is independent of ppGpp and polyP.
. Active model of TAs regulation. RelA, when activated stochastically or during amino acid starvation, synthesizes the ppGpp. Accumulation of ppGpp inhibits the degradation of polyP into inorganic phosphate. Hence, due to continual synthesis by Ppk, polyP accumulates in the cell. PolyP then modulates the substrate specificity of Lon protease, specifically targeting antitoxin proteins for degradation. This is hypothesized to render the toxin free to act on its target and confer persistence. manipulations within the TA circuitry, thus avoiding artifacts. . CC-BY-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/021162 doi: bioRxiv preprint first posted online Jul. 2, 2015; 
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relAΔspoT were treated with 1 mg/ml of serine hydroxymate. Total RNA was isolated at 0, 10, 30 and 60 minutes and semi-quantitative primer extension was performed using YefM mRNA-specific primer (YefMPE-2). (B) pALS13 plasmid, containing truncated relA gene downstream of the lac promoter, was transformed into MG1655, Δ lon and Δ ppkppx strains. All the strains were grown to exponential phase and relA' was overexpressed using 1 mM Isopropyl β -D-1-thiogalactopyranoside (IPTG). Total RNA was purified from samples taken at 0, 10, 30 and 60 minutes after addition of IPTG. Primer extension was performed as in (A). (C) MG1655 strain was transformed with pBAD33 or pBAD-lon or pBAD-ppk plasmids and Δ ppkppx strain was transformed with pBAD-lon. Overnight cultures were diluted and grown to 0.45 OD 450 in LB medium supplemented with glycerol as carbon source at 37 °C. 0.2% arabinose was added to induce overepxression of lon or ppk. Samples were collected at different intervals and semiquantitative primer extension performed as in (B).
polyP is not required for upregulation of yefM/yoeB loci during amino acid starvation.
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To test the role of ppGpp and polyP in the regulation of yefM/yoeB system, we performed 1 0 8 amino acid starvation experiments using serine hydroxymate (SHX) and analyzed the 1 0 9 transcription of yefM/yoeB loci using semi-quantitative primer extension using a YefM (Crooke, et al. 1994 , Xiao, et al. 1991 . In the wild type (WT) strain, we found a reported ppGpp-independent transcriptional upregulation of relBE (Christensen, et al. 2001 )
and mazEF systems (Christensen, et al. 2003) during SHX-induced starvation experiments. To further analyze the role of ppGpp and polyP in yefM/yoeB regulation we used ectopic 1 2 6 overexpression of relA′ (Svitil, et al. 1993) , which encodes a truncated RelA capable of strains, transformed with pALS13 (Svitil, et al. 1993) , were grown to mid log phase and the 1 2 9 expression of relA′ was induced by the addition of IPTG. In our primer extension analysis of
yefM/yoeB trasncription, we found that there was transient increase (7 fold) in the 1 3 1 transcription during the first 10 minutes but decreased back to basal levels. However, in polyP has a role in the regulation of yefM/yoeB system and found that transcription of transcription from yefM/yoeB loci in samples taken at 10 minutes but reduced back to basal 
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The transformants were grown in LB media, supplemented with 2% glycerol, to mid-exponential phase (0.45 of OD 450 ) and 0.2% arabinose was added to induce expression of lon or ppk. Samples were collected at 0, 10, 30 and 60 minutes and primer extension was carried out using Lpp mRNAspecific primer (lpp21) for cleavage site mapping. YoeB-dependent cleavage, indicated by an arrow, is in accordance with results from Christensen, et al, 2004 . YoeB-mediated cleavage of mRNA upon overexpression of Lon is independent of polyP.
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Transcriptional upregulation of yefM/yoeB operon does not necessarily mean that YoeB is 1 4 3 free to cleave its target mRNA. To date, chromosomal YoeB-dependent mRNA cleavage has 1 4 4 been observed only upon ectopic overproduction of Lon protease (Christensen, et al. 2004 ).
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The ectopic overexpression of Lon degrades YefM, leaving YoeB free to manifest its 1 4 6 endoribonuclease activity. Since it was shown that Lon-mediated degradation of YefM is 1 4 7 dependent on polyP (Maisonneuve, et al. 2013) , it is interesting to see if polyP is essential to were moved from 30°C to 42°C, or 37°C to 47°C or aerated to unaerated conditions. Samples for RNA purification were collected at time 0, 10, 30 and 60 minutes after stress induction. Primer extension was performed on 10μg of each RNA sample using YefM mRNAspecific primer (YefMPE-2). The experiment labelled "no aeration" was conducted independently at a different time. Increase in the rate of transcription of yefM/yoeB loci upon heat shock.
Several descriptions of TA regulations assumed TA loci to be bistable, either ON or OFF. This notion is strengthened by experiments in which starvation is drastic and near absolute al. 2011). We hypothesized that TA regulation is rather "analogue" and not "discrete", experiment, we did not notice any significant difference in the transcriptional rates of TAs. heat shock experiment, we observed that the yefM/yoeB transcript is consistently upregulated transcription was also observed in relBE system upon induction of heat shock and glucose starvation (Christensen, et al. 2001 ). polyP and ppGpp respectively, similar to that of wild type (Fig 1A) . In contrast to the reports neither ppGpp nor polyP is required for the transcriptional upregulation of yefM/yoeB loci.
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This indirectly indicates that ppGpp or polyP is not required for YefM degradation during SHX-induced starvation is independent of ppGpp but dependent on Lon protease. RelA 1 9 1 dependent accumulation of ppGpp was shown to be inhibited by chloramphenicol treatment 1 9 2 (Svitil, et al. 1993 ) and yet the relBE and mazEF TAs were shown to be upregulated upon
addition of chloramphenicol (Christensen, et al. 2001 , Christensen, et al. 2003 ). When we increase in transcription from yefM/yoeB loci ( Fig 1C) in both the strains indicating that polyP is not required for degradation of YefM. In our overexpression experiments, we found ( Figure 2B ) and ppk ( Figure 2C ) which could be due to metabolic burden of over-producing
proteins. There is also a possibility that ppGpp production and/or polyP accumulation could ( Fig 2) . This implies that YoeB-specific cleavage is independent of polyP-meaning that overexpression of ppk did not induce any YoeB-mediated cleavage in any of the strains.
Hence, our results establish that polyP is not required for the transcriptional activation of
yefM/yoeB loci and endoribonuclease activity of YoeB which imply that polyP is not required was about 48 minutes (Cherny, et al. 2005 ) while that of his-tagged YefM, in MG1655, is 2 2 3 about 11 minutes (Maisonneuve, et al. 2013) . The difference in these values could be 2 2 4 attributed to differences in the genetic background of the strains as well as artificially induced primary structural modifications in YefM. It is to be noted that YefM is degraded accumulating ppGpp during amino acid starvation (Metzger, et al. 1989 ). It may be noted degradation at all. The "polyP-dependent active TA regulation model" (Maisonneuve, et al. proteolysis. PolyP was shown to inhibit Lon protease in vitro (Osbourne, et al. 2014) and is increased transcription was also observed in relBE system upon induction of heat shock and 2 8 6 glucose starvation (Christensen, et al. 2001) . Stresses like heat shock, anaerobic conditions 2 8 7
and glucose starvation reduce productive translation which could reflect in lower rates of 2 8 8 antitoxin production. This leads to lesser probability for the formation of TA complexes 2 8 9 capable of autorepression. Hence an increased transcription rate is maintained from the TA 2 9 0 loci and is a function of the new equilibrium of translation and proteolysis rates of antitoxin. This dynamic nature of TA regulation allows sensing the global translation rate which usually indicates the nature of the growth conditions and available nutrient resources. there is no evidence ever provided that 'all known antitoxins' were degraded by polyP working TAs. Growth conditions and media used.
MATERIAL AND METHODS
All the experiments involving primer extension were grown in Luria Bertani broth, at 37
°C, with 180 rpm shaking in a water bath unless specified otherwise. Primer extension 3 0 7
Samples of 25 mL experimental cultures were collected at 0, 10, 30 and 60 minutes and method and quality was analyzed by agarose gel electrophoresis. Total RNA in each sample GGCTTTCATCATTGTTGCCG-3') and lpp21 (5'-
CTGAACGTCAGAAGACAGCTGATCG-3'), were used in primer extension experiments
involving yefM/yoeB promoter activity and YoeB-dependent mRNA cleavage site mapping
respectively. Reverse transcription was carried out on 10 μ g of total RNA, purified from
samples at designated time points, using AMV-reverse transcriptase. Sequencing reactions
were carried out similarly with Sanger's dideoxynucleotide method.
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Antibiotic sensitivity assay:
Conventional disc diffusion method was used to measure the relative sensitivity of the strains. overnight at 37 °C. Diameters of the zones of inhibition were measured and the graph was ACKNOWLEDGEMENT:
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